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TheOpen 
University 
Second Level Course Examination 1991 


DISCOVERING PHYSICS 


Tuesday, 15th October, 1991 2.30 pm — 5.30 pm 


Time allowed: 3 hours 


This examination paper is divided into FOUR Parts. ALL of which should be 
attempted. 


Part A carries 52 per cent of the total marks. Each of the three other Parts carries 
16 per cent of the total marks. 


You should answer all TEN questions in Part A. ONE question from Part B. ONE 
question from Part C and ONE question from Part D. 


You are advised to spend about one and a half hours on answering Part A. and 
about thirty minutes on each of your answers to Parts B. C and D. All the questions 
from Part A should be answered in the thick answer book. Use a separate single- 
question answer book for each of the Part B. C and D answers. 


At the end of the examination 


Check that you have written your name. personal identifier and examination 
number on each answer book used. Failure to do so will mean that your work cannot 
be identified. 


Fasten together your answer books (i.e. four books in all) using the paper clip 
provided. 


Hand your answer books to the invigilator. 


Copyright © 1991 The Open University 


In this examination, you may find the following information useful: 


(a) Fundamental quantities 

The magnitude of the acceleration due to gravity on Earth, g = 10ms~?. 
The mass of the electron, m, = 9.1 x 107°! kg. 

The magnitude of the charge of the electron, e = 1.6 x 107!°C. 

The mass of the proton, m, = 1.7 x 1077" kg. 

The Planck's constant. A = 6.6 x 107°4 Js. 

h/2n = 1.06 x 107~3*Js. 

The speed of light in a vacuum, c = 3x 108 ms7!. 

The Boltzmann constant, k = 1.38 x 107-73 JK7}. 

The molar gas constant. R = 8.3JK~!mol7!. 

The Avogadro constant. N, = 6 x 1073 mol7!. 

The permeability of free space uy = 4n x 107-7 TmA~*. 

The permittivity of free space e = 8.85 x 1071? C? NT! m72. 
1/4né9 = 9x 10°? N m? C7? 

The triple point of water = 273.16 K. 

The gravitational constant G = 6.67 x 1071! N m? kg`?. 


(b) Mathematical constants 
e=2.72 
m= 3.14 


(c) Equations 


T = 2n,/m/k ee Sa 
re eV Fes) 
T = 2n,/Lig yoy 
v = y (Fp) BE 
penpals seal Ce 
wil Vc) 


(d) Conversion factors 
leV=1.6x1071'°J 
l litre = 107° m° 
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PART A 


Question 1 
(4 marks) 


Question 2 
(5 marks) 


Question 3 
(5 marks) 


Question 4 
(5 marks) 


This Part carries 52% of the total examination marks. You should attempt ALL the 
questions I-10 in this Part, writing your answers in the thick answer book provided. 
DO NOT use the same answer book for this Part as for Parts B, C or D. 


(a) In Cepheid variable stars, there is a correlation between two properties of the 
star that is used in determining the distance to the star. State precisely the two star 
properties that are correlated. 


(b) Which two measurements must be made on a Cepheid variable star whose 
distance is to be determined? 


An object A of mass 6 kg is sliding freely on a smooth horizontal table. Its velocity 
is along the y-axis and has magnitude 10 m s~ +. It strikes a second object B of mass 
9 kg which is moving freely along the x-axis with speed 5ms~*. The two objects 
stick together and continue to slide across the table. Calculate the speed and 
direction of the combined object after the collision. 


(a) A spacecraft (Figure |) is standing on the surface of a uniform spherical planet 
of radius 2000 km and mass 2.0 x 10%° kg. The mass of the spacecraft is 800 kg. 
Calculate the weight of the spacecraft. 


Figure 1 


(b) The spacecraft is supported on a symmetric set of three struts. each of which 
is inclined at 60° to the horizontal. Each strut exerts a force on the spacecraft: the 
direction of the force is along the line of the strut. Calcuiate the magnitude of each 
of these forces. 


(a) Figure 2 shows part of an electrical circuit. Calculate the difference in potential 
between points B and C and the power dissipated in the 3 resistor. 


4Q 
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| | 
vw 
+Q 
Figure 2 


‘ 


(b) Calculate the difference in potential between points A and C. 


TURN OVER 
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Question 5 
(7 marks) 


Question 6 
(6 marks) 


Question 7 
(5 marks) 


Question 8 
(4 marks) 


Question 9 
(8 marks) 


Question 10 
(3 marks) 


(a) Write down an equation that expresses the force on a charged particle moving 
in a region containing both electric and magnetic fields. Define the symbols you use 
in the equation. 


(b) Anelectron A is at the origin and moving at a speed of 10* m s7 + in the positive 
x-direction (Figure 3). A second electron B is held fixed at the position 
x =1x1073m, y = 0m. Calculate (i) the electric field at the origin due to B, and 
(ii) the acceleration of A when it is at the origin. 


Figure 3 


An object of mass 3 kg is undergoing simple harmonic oscillations along the x-axis 
about the origin. The equation describing its motion is 

x = xo sin (0.217) 
where xọ is 30cm and fr is measured in seconds. Calculate (i) the period of 
oscillation, (ii) the magnitude of the restoring force on the object when it is at its 
maximum displacement from the origin. and (iii) the energy stored in the oscillating 
system. 


(a) 4grams of helium gas He is heated from 100 K to 300K in a container of 
constant volume 10 litres. Find the pressure of the gas at 100K. 
(b) Sketch qualitative graphs showing the distribution in the molecular speeds of 


the gas at 100K and 300K. 


Two frames A and B are in standard configuration with the origin of frame B 
moving with speed V = 0.6c along the x-axis of A. as observed in frame A. An 
explosion is observed in frame A at t = 10s and x = v = = = 6x 108m. What are 
the position coordinates of the explosion as observed in frame B? 


(a) List briefly the four postulates that define Bohr’s model of the hydrogen atom. 
(b) Give a careful statement of Heisenberg’s uncertainty principle. 
(c) Explain in one or two sentences why. according to Heisenberg’s uncertainty 


principle. Bohr’s model must be incorrect. 


List very briefly the important competing forces or pressures that must balance in 
a main sequence star. Indicate which of the forces or pressures listed tend to 
produce collapse and which tend to produce expansion of a main sequence star. 
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PART B 


Question 11 
(1 mark) 


(4 marks) 


(3 marks) 


(3 marks) 


(5 marks) 


Question 12 
(1 mark) 


(5 marks) 


(6 marks) 


(4 marks) 


This Part carries 16% of the total examination marks. You should attempt only ONE 
question from this Part. Write vour answer in a separate single-question answer book. 
DO NOT use the same answer book for this Part as for Parts A, C or D. 


(a) An object is subjected to a constant force F while it moves through a 
displacement s. Write down, in terms of F and s, an equation expressing the energy 
transferred to the object from the agency providing the force. 


(b) A small object is accelerated up a frictionless slope from rest at O through a 
distance d to the point P (Figure 4a). The constant accelerating force F acts along 
the line OP and has a magnitude greater than the weight of the object. Show that 
the speed v of the object at P is a/ 2d (F — mg sin x)/m. where g is the magnitude of 
the acceleration due to gravity and x is the angle of the slope to the horizontal. 


(a) (b) 


Figure 4 


(c) After passing through P, the object is no longer in contact with the slope and 
no longer experiences the force F. Show. using careful arguments. that the 
maximum height H it reaches above P is given by H = v? sin? x;2g. You may 
assume that there is no air resistance. 


(d) At what angle x should the slope be pitched so that. for given values of F and 
d. the object reaches the maximum height A above the ground? Explain your 
reasoning using physical arguments. 


(e) An object is projected from a ramp with x = 40°. (Figure 4b). The length of 
the ramp is 20 metres. It reaches the ground 3 seconds after passing through P. 
Calculate the horizontal distance s from P at which the object hits the ground. 


(a) Write down an equation for the anguiar momentum L about a point O of a 
particle of momentum p that is at position r with respect to O. 


(b) Show carefully that the equation L = Jw for the magnitude of the angular 
momentum of a rigid body rotating about a fixed axis is consistent with the 
equation you wrote down in answer to (a). Write down an expression for /. 


(c) The remainder of this question concerns a mode! physical system that is 
similar to ones that might be found in fairgrounds. A 12 m beam of negligible mass 
supports masses of 200 kg and 100 kg respectively at the two ends. It rotates freely 
in a horizontal plane around a vertical axis through the centre of mass of the 
assembly. A driving torque of 600 N m about this axis is applied to the initially 
stationary beam for a 20 second interval. Calculate the anguiar speed of the beam 
at the end of the 20s interval. 


(d) Calculate the magnitude of the total force exerted by the beam on the 100 kg 
mass at the end of the 20s interval. 


5] ee se ee eee 


TURN OVER 
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PART C 


Question 13 
(2 marks) 


(3 marks) 


(5 marks) 


(6 marks) 


Question 14 
(2 marks) 


(5 marks) 


2 marks) 


(4 marks) 


(3 marks) 


This Part carries 16% of the total examination marks. You should attempt only ONE 
question from this Part. Write your answer in a separate single-question answer book. 
DO NOT use the same answer book for this Part as for Parts A, B or D. 


(a) Write down an equation expressing Faraday’s law of induction. Define, in a 
phrase each, the physical terms in the equation. 


(b) A circular loop of thin wire has radius r (Figure 5). The resistance R of the wire 
is proportional to its length, i.e. to the circumference of the loop. A uniform 
magnetic field, directed along the axis of the loop. is changing according to the 
equation B, = By + B,t. where Bo and B, are both positive and non-zero. Sketch 
a diagram showing the direction of the current induced in the loop. Explain the 
reasoning behind your answer. 


Figure 5 


(c) Show that the magnitude of the current is proportional to the radius of the 
loop. 


(d) Draw a diagram showing the direction of the force F felt by a small section 
As of wire due to the changing field at £ = 0. Explain. perhaps with the aid of a 
sketch graph, how the radial component of F varies with time for 7 > 0. 


(a) Write down an equation or set of equations that expresses the relationship 
between the electric field & and the electric potential V. 


(b) Explain using simple physical arguments why there can be no electric field 
within a perfectly conducting hollow container. (You may ignore magnetic field 
effects in vour answer.) 


(c) Draw diagrams showing the electric fields around (i) an isolated point charge. 
and (ii) an isolated conducting sphere carrying a charge. 


(d) Calculate the electric field and the electric potential at the surface of the sphere. 
assuming that it has a radius of 2 m and carries a charge of +uC. State explicitly 
any conventions you use in calculating either or both of these quantities. 


(e) Experimentally. it is found that. when the sphere in (d) is charged on the open 
laboratory bench, there is a maximum potential that can be achieved on its surface. 
Explain briefly why this should be so. (You may ignore anv problems associated 
with the mounting of the sphere.) 
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PART D 


Question 15 


(4 marks) 


(5 marks) 


(2 marks) 


marks) 


This Part carries 16% of the total examination marks. You should attempt only ONE 
question from this Part. Write your answer in a separate single-question answer book. 
DO NOT use the same answer book for this Part as for Parts A, B or C. 


(a) Sketch a diagram illustrating Rutherford’s model of the atom and a diagram 
illustrating J. J. Thomson’s model of the atom. Label the diagrams to point out the 
main features of the models. 


(b) Describe very briefly an experiment (involving the scattering of appropriate 
particles) that caused physicists to favour one of the two models of part (a) rather 
than the other. State the outcome of the experiment that is predicted by each of the 
two models. State which of the two models was favoured by the results obtained. 
and give a reason for your answer. 


(c) Current models of heavy atoms are based on quantum mechanical principles. 
State two fundamental ways in which the quantum mechanical description of the 
electrons in heavy atoms differs from the classical descriptions given by 
Rutherford’s or Thomson's models. 


(d) In order to investigate the structure of the atoms of an element, a specimen 
of the element is bombarded by electrons that have been accelerated through a high 
voltage (Figure 6a). The intensity of the beam of radiation emerging from the- 
specimen is measured as a function of the wavelength of that radiation (Figure 6b). 


high voltage 
supply 


electrons 
gree a 
\ 


Figure 6a 


intensity 


0.06 0.08 0.10 0.12 0.14 0.16 
A/nm 
Figure 6b 


0.02 0.04 


(i) Explain very briefly why the spectrum has both a continuous part and. 
superimposed on that continuous part. lines or spikes. 


(ii) Calculate for the case shown in Figure 6b the voltage through which the 
electrons were accelerated. 


TURN OVER 
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Question 16 
(5 marks) 


(3 marks) 


(5 marks) 


(3 marks) 


(a) List the quantum numbers that characterize the physically meaningful 
solutions of the Schrödinger equation for the electron in the hydrogen atom. Write 
down the rules that govern the allowed values of these quantum numbers. State. 
very briefly, the physical role that each quantum number plays in determining the 
electron’s motion. 


(b) Sketch the form of the radial wavefunction of an electron in the ground state 
of the hydrogen atom. Explain why, within Schrédinger’s theory, this provides a 
complete description of the state of the electron. 


(c) The Schrödinger equation does not provide a complete description of the 
quantum state of the electron. Describe briefly the additional concept that is needed 
to complete the description. Calculate the angular momentum (in units of 4) of an 
electron in the ground state of a hydrogen atom. showing your working. 


(d) Helium has 2 electrons. List the 4 quantum numbers of each of the 2 electrons 
of a helium atom in its ground state. State any principles or rules that are needed 
in deducing the quantum numbers listed. 


[END OF QUESTION PAPER] 
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